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[57] ABSTRACT 
A sensor for measuring an angle of rotation, and in 
particular the instantaneous angle of rotation of a rotat 
able member such as a steering column of a motor vehi 
cle, is especially applicable in a power steering mecha 
nism for a motor vehicle and includes a ?rst wheel, the 
movement of which serves for measuring the angle of 

- rotation and its direction. The sensor further includes a 
second wheel which is mechanically linked with but 
movable relative to the ?rst wheel, the displacement of 
the second wheel being an indication of the number of 
rotations effected about an axis by the ?rst wheel, and 
/or an indication of the direction of the rotation. 

13 Claims, 6 Drawing Sheets 
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SENSOR FOR SENSING ANGLE OF ROTATION 
AND/OR NUMBER OF ROTATIONS EFFECT ED, 
AND A POWER STEERING SYSTEM FOR A 
VEHICLE INCLUDING SUCH A SENSOR 

FIELD OF THE INVENTION 

This invention relates to a sensor for sensing an angle 
of rotation, and for giving a signal representing the 
direction of rotation and/or the number of rotations 
effected by a rotatable member with which ‘the sensor is 
coupled. The invention also relates to a power steering 
mechanism for a vehicleincluding such a sensor. 
The present invention is especially applicable in the 

context of vehicle power steering mechanisms, in par 
ticular for motor vehicles,-of the kind in which control 
by an electronic system enables the force exerted on a 
steering member such as the steering column to be as 
sisted as necessary. This control operation is a function 
of the steering angle called for by the driver; in the case 
of vehicles having four wheel steering, in which the 
rear wheels require a different steering angle from the 
front wheels, the control operation is able to distinguish 
between these two requirements of the front and rear 
wheels. 

BACKGROUND OF THE INVENTION 

It has already been proposed in the prior art to pro 
vide a number of different arrangements for indicating 
the direction of rotation, that is to say the sign of the 
angle of rotation measured, and also, where necessary, 
to count the number of rotations effected by the steering 
column. In particular, such arrangements include at 
least one disc, the rotation of which follows variation in 
the angle which is required to be measured. The periph 
ery of this disc cooperates with a suitable measuring 
means for measuring the angle of rotation. In the prior 
art, a sensor of this kind is commonly called an incre 
mental angular coder. In such a device, the disc in 
cludes recesses or tracks, which serve as indicia that 
pass in front of a given type of reading device. The 
reading device produces a pulse on a measuring signal 
which can be processed electronically in such a way as 
to give the absolute angle of steer, the rate at which the 
angle of steer is varying, the direction of rotation, and 
(if required) the number of rotations effected. 
Up to the present time in the prior art, such arrange 

ments call for expensive means for counting the number 
of turns by memorising the pulse count, providing sup 
plementary indicia tracks and so on. 

DISCUSSION OF THE INVENTION 

An object of the present invention is to provide a 
means which enables an angular coder or sensor for 
sensing the angle of rotation to provide a signal repre 
senting the completion of at least one full turn in the 
rotation of the coder, and therefore of the rotatable 
member such as the steering column, but in a manner 
which is both reliable and economic. 
According to the invention, a sensor for sensing an 

angle of rotation, in particular of the optronic type, is 
characterised in that it includes a ?rst wheel, the move4 
ment of which serves for measuring the angle of rota 
tion and for indicating the direction and origin of the 
movement, in that it also includes a second wheel which 
is at least partially coupled with the movement of the 
?rst wheel, and in that at least one detector detects the 
displacement of the said second wheel which serves to 
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2 
indicate the number of rotations carried out by the ?rst‘ 
wheel and/or to indicate the direction of rotation. The 
?rst wheel carries at least one track carrying indicia 
representing position information, such that reading of 
this track by a detector serves to measure the angle and 
the direction of rotation and to indicate a point of refer 
ence (i.e. the zero or origin of the rotational movement 
of the rotating member such as a steering column). 
The invention also provides a power steering mecha 

nism for a vehicle, that includes a sensor in accordance 
with the invention in which the ?rst wheel of the latter 
is mechanically coupled to a rotatable member such as 
a steering column. 

Further advantages and features of the present inven 
tion will appear more clearly from the description 
which follows, of a preferred embodiment of the inven 
tion, which is' given by way of example only and with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is an exploded isometric view of a sensor for 
sensing angle of rotation, in one form according to the 
invention. 
FIG. 1b is a scrap elevation, on a larger scale, show 

ing part of the sensor. 
FIGS.>2a to 2g are views, again in elevation, showing 

the sensor of FIG. lb in various angular positions, i.e. 
various positions representing different angles of rota 
tion. . 

DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

With reference to FIG. 10, this shows an incremental 
coder, or sensor for sensing angles of rotation, in accor 
dance with the invention. The sensor is indicated gener 
ally at 1. It consists mainly of a disc or wheel 2 which is 
coupled to a rotatable shaft (not shown), the axis of 
which is indicated at 18. It is the rotational movement of 
this shaft'that is to be sensed and measured by the sensor 
1. For simplicity in this description, it will be referred 
to, where necessary, as “the shaft 18”. The shaft 18 is 
coupled to the disc 2 by means of two toroidal rings 22:. 
The sensor 1 has a housing comprising a cover plate 

1d, which is secured to a base member 1e by means of 
three screws indicated at la, 1b, 1c. The disc 2 has a 
speci?c number of peripheral slots or marks 3, in the 
manner already well known in the technology of optical 
angular coders. The slots 3 are arranged as a set along at 
least one circular track, which is read by a detector 
connected to a ?xed reference point of the sensor. This 
detector converts the information detected on the set of 
slots 3 into electrical signals, which may be processed 
by a suitable electronic processor. 

This electronic processor is of a kind which is ar 
ranged to perform one or more of the following func 
trons: - 

(i) measurement of the angular position of the wheel 
2 coupled to the rotatable shaft 18, with respect to 
a reference position; 

(ii) measurement of the rotational velocity of the 
wheel 2 coupled to the rotatable shaft 18, at least 
between two values of the above mentioned angu 
lar position; and 

(iii) determination of the direction of rotation of the 
wheel 2 coupled to the rotatable shaft 18. 

The combination of an optical sensor with an elec 
tronic signal processor as described above constitutes 
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an optical-electronic or “optronic" sensor. Such an 
electronic processor is expensive, and the sensor here 
described and shown in the drawings is such that some 
of the above mentioned functions are carried out within 
the optical sensor itself. In particular, in some applica 
tions, for example the monitoring of the steering direc 
tion of the steerable road wheels of the vehicle, it is 
necessary to obtain certain simple data, such as the 
number of rotations effected by the steering column or 
the direction of its rotation, so that it can be established 
whether or not it is appropriate to halt the change in 
steering direction of the wheels, or whether or not the 
steering is in a neutral position. Such data could be 
processed electronically, but, as mentioned above, the 
equipment for doing this is costly. 
The invention therefore aims to provide an effective 

but cheaper way of processing this data, especially with 
a view to enabling sensors for sensing angular position 
to be mass produced for application to the power steer 
ing of motor vehicles; and it is in that context that this 
description should be read, though without limitation. 
In addition, it should be noted that the present invention 
_is not limited to the case where an optical coder is used. 
Other measurement techniques may be employed, in 
particular those using magnetic rather than optical sys 
terns. 

The disc 2, or ?rst wheel, carries a pin 4 which is 
arranged at a predetermined distance from the centre of 
rotation of the wheel 2. The pin 4 is thus ?xed at a 
rotating point on the ?rst wheel 2. The pin 4 extends 
through the thickness of the wheel 2, and it has an ex 
tension (not visible in FIG. 1a) which is arranged to 
come into engagement in a recess 8 which is carried by 
a second wheel 5. The second wheel 5 is mounted on a 
spindle 6 which is connected to the base le_ of the hous 
ing of the sensor 1, as can be seen in FIG. 1b. 

In the preferred embodiment shown, the second 
wheel 5 is in fact in the form of a sector of a circular 
toothed wheel, having a toothed zone 7 at its periphery. 
This toothed zone 7 has two teeth 9 and 10, which are 
so pro?led as to match the pro?le of the periphery of 
the pin 4, so as to provide a mechanical coupling be 
tween the movement of the ?rst wheel 2 and the respon 
sive movement of the second wheel 5, by means of the 
pin 4 cooperating with the teeth 9 and 10. It should be 
noted in particular that the displacement of the second 
wheel or sector 5 is indicated in FIG. 1b by the arrow 
5a, which is its movement in response to movement of 
the wheel 2 when the pin 4 is displaced in the direction 
of the arrow 40. Similarly, FIG. 1b indicatesby the 
arrow 5b the direction of movement of the sector 5 if 
the pin 4 is displaced in the direction of the arrow 4b. 
A carriage 15b, which is movable in a retaining mem 

ber 15a in straight line translational movement, is cou 
pled to the toothed wheel or sector 5 through a linkage 
20 of the crank and connecting rod type. In this linkage, 
a pivot pin 13,~carried by the sector 5 and disposed at a 
radius x from its axis of rotation 6, engages in an open 
ing 14, in the form of a slot that is formed in the linkage 
20. This crank and connecting rod type linkage, com 
prising the pivot pin _13 and the toothed sector 5, causes 
the carriage 15b to move in straight line motion. The 
extent of this straight line movement of the carriage 15b 
is a measure of the direction and the number of rotations 
performed by the first wheel 2. 

In addition, the recess 8 defined in the peripheral 
zone 7 of the second wheel or sector Sis so designed as 
to give the indication of the neutral or reference posi 

15 

25 

30 

35 

45 

55 

60 

LII 

4 
tion of the sensor. This position is indicated by the line 
60 in FIG. 1b. In this neutral position (and it will be 
realised that in FIG. 1b the sensor is in fact shown in 
this position), the pin 4-lies in the recess 8 so as to ?t 
snugly in the latter. The recess 8 is of course defined 
between the two teeth 9 and 10, which therefore retain 
the pin 4 between them when the sensor is in the neutral 
position. The position of the carriage 15b in the retain 
ing member 15a is then detected in order to give a signal 
indicatingthat the steering mechanism is in the neutral 
position. - 

Reference is now made to FIGS. 20 to 2g, showing 
various different angular positions of the sensor 1. In 
FIGS. 20 to 2g, the various elements described above 
with reference to FIGS. la and lb are not all identi?ed 
with reference numerals, in order not to over-compli 
cate the Figures. ' 

FIG. 20 corresponds to the neutral position which 
has already been seen in FIG. 1b, in which the line 60 
which joins the axis of rotation.18 of the steering col 
umn to the centre of rotation 6 of the second wheel or 
sector 5 passes through the centre of the recess 8 and 
the pin 4, with the latter being fully received in the 
recess 8. 

In FIG. 2b, the pin 4 is leaving the neutral position. 
The ?rst wheel 2 is rotating in the direction of the 
arrow A, so that the sector 5 is rotating in the direction 
of the arrow B. The lever of the linkage 20 which cou 
ples the pivot pin 13 to the carriage 15b moves the latter 
in straight line motion with respect to the retaining 
member 150. When the ?rst wheel 2 has carried out 
nearly one full rotation about the axis 18 in the clock 
wise direction, the pin 4 reaches the position shown in 
FIG. 20. If rotation is then continued, the end of the 
tooth 10 is in contact with the periphery of the pin 4, as 
can be seen in FIG. 2}". The carriage 15b is then sub 
jected to a further displacement. The supplementary 
movement of the carriage, still in the same direction of 
longitudinal movement in the retaining member 15a, 
thus enables the completion of one rotation of the disc 
or ?rst wheel 2 to be indicated. 

It is possible to multiply the number of teeth 9, 10, 
and consequently the number of recesses de?ned be 
tween them, in such a way as to provide a pulse to 
detect each displacement of the carriage 15b in'the 
retaining member 15a, thus enabling the number of 
rotations carried out to be counted. In particular, this 
data is particularly necessary in the case where the 
sensor is part of a power steering system, in order to 
establish at what distance change of direction of the 
steering wheels should be terminated during a power 
assisted steering maneuver. This data is also necessary 
in the case where the rear wheels are used as steering 
wheels. 

In addition, the carriage 15b cooperates with a suit 
able conversion means, for converting the direction of 
rotation, and/or the completion of at least one full turn 
in the rotation of the ?rst wheel 2, into a measurement 
signal, for example an electrical or optical signal. 

‘Such a conversion means, for enabling the comple 
tion of at least one full turn of the wheel 2 to be moni 
tored, is seen in the drawings. It comprises the carriage 
15b and a pair of diodes indicated in the various parts of 
FIG. 2 at 51. These comprise an emitting diode and a 
receiving diode, for processing a signal indicating the 
position of the carriage 15b. This signal indicates the 
completion of one full turn in rotation of the wheel 2. In 
this particular embodiment, detection of the direction of 



5,218,769 
5 

rotation is carried out by a detector which detects the 
slots or marks 3 (FIG. la). These marks are in fact 
arranged in this example in two sets (i.e. on two tracks) 
30 and 3b, with a large number of marks in the set 30 
and only a single mark in the set 3b. The set of marks 30 
is arranged on a common pitch circle near the periphery 
of the wheel 2, and the set 317 on a pitch circle which is 
coaxial with, and of smaller radius than, the pitch circle 
on which the set 30 is arranged. This can be seen best in 
FIG. 1b and in ‘the various parts of FIG. 2. The slot or 
mark of the set 3b consists of a single slot 53 (FIGS. 20 
and 2b to 2g). The slot 53 indicates the mechanical 
“zero” position, or neutral position, of the steering sys 
tem. 

In the neutral position seen in FIG. 2a, with the pin 4 
on the wheel 2 lying in the recess 8 of the second wheel 
or sector 5, an optical detector 51 is aligned with the 
slot 53. An electrical reference signal is then produced. 
In this con?guration, the carriage 15b is in a position 
such that it covers an aperture 54 formed in the retain 
ing member 150. The optical detector 51 is coupled 
with the carriage 15b, and receives no light from a diode 
(not shown) which illuminates the aperture 54. Hence 
there is then no signal. 

It will be noted that detection of the direction of 
rotation and the number of rotations effected is 
achieved by means of two detectors arranged in quadra 
ture, this arrangement not being shown in the drawings. 
When the wheel 2 is set in rotation, the pin 4 leaves its 

neutral position, and as shown in FIG. 2b it moves the 
carriage 15b slightly in straight line movement with 
respect to the retaining member 150. The wheel 2 con 
tinues rotating in the clockwise direction A, and the pin 
4 pushes on the tooth 10 of the sector 5. The slot 53 thus 
moves away from the optical detector 52, which trans 
mits a low level logic signal. By comparison with the 
signal that is generated by a further detector (not 
shown), which reads the marks or slots of the outer set 
30, the signal from the mark detector is the indication of 
the angle, and direction of rotation, of the wheel 2. By 
contrast, the second wheel or sector 5 has rotated in the 
anti-clockwise direction B, and the carriage 15b is dis 
placed in the retaining member 150 while still covering 
the aperture 54. The signals emitted by the detectors 52 
and 51 are thus “00”. 
When the pin 4 reaches the position seen in FIG. 2c, 

it lies in contact with the tooth -9 of the sector 5. If 
rotation is then continued in the clockwise direction A, 
the pin 4 pushes on the end of the tooth 9, and the car 
riage 15b is thus further displaced. Accordingly, the 
additional movement of the carriage 15b, still in the 
same direction, uncovers the aperture 54, so that light 
passes through it between the emitting and receiving 
diodes 52 and the optical detector 51. This causes a new 
electrical signal to be emitted, which enables comple 
tion of a full turn in the rotation of the ?rst wheel 2 to 
be indicated. The logic signals from the detectors is then 
“01”. 

Referring now to FIG. 2]; if the direction of rotation 
of the wheel 2 is now reversed to the anti-clockwise 
direction indicated at A’, the pin 4 comes in contact 
with a further tooth 11 at the end of the tooth sector 5 
which lies on the same side of its median line as the 
tooth 9 (see FIG. 1b). The pin 5 pushes on the tooth 11, 
so displacing the carriage 15b so that the latter once 
again covers the aperture 54. The system thus reverts to 
the con?guration seen in FIG. 2b. 
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Where the initial rotation of the wheel 2b is anti 
clockwise, operation is a “mirror image” of that de 
scribed above. In this case, the positions corresponding 
to FIGS. 2b, 2c and 2f are shown respectively in FIGS. 
20', 2e and 2g. It should be noted that the sector 5 has a 
further tooth 12 (FIG. 1b) at the opposite end from the 
tooth 11, and that in FIG. 2g the pin 4 acts on the tooth 
12. 
The present invention is not limited to the detection 

of a single complete turn in the rotation of the wheel 2. 
Thus it may include several pairs of optical detectors. 
The detecting means seen in the various parts of FIG. 

2 has been described above in an optical form. In other 
embodiments, it is possible to address an electronic 
memory by means of a switching circuit, with the mem 
ory containing addresses in the form of binary words, 
for example of 8 bits, representing a code which indi 
cates the direction of rotation and/or the number of 
rotations carried out, in the form of electrically conduc 
tive paths, with the action of the carriage connecting 
these paths together electrically. 

It will also be noted that, in accordance with the 
invention, the set of marks 30 on the ?rst wheel 2 can be 
read by a conventional optical detector which is not 
shown. This detector processes the signal representing 
the instantaneous angle of rotation to at least one turn 
(360 degrees of rotation). The output signal may be used 
by a suitable electronic processing circuit, in particular 
one which gives an exact angle, and data as to the rate 
of change of steering angle, by differentiating the signal 
from the sensor. Circuits of this kind are already known. 
In one embodiment, the circuit is integrated in the pro 
cessing circuit for the signals from the optical detectors 
51 and 52, and is mounted on a plate 30 (which can be 
seen in FIG. 1a), with a connector 31 enabling polarisa 
tion to be applied to the circuit (the latter not being seen 
in FIG. 10), for example on two of the six wires 32 
which are connected into the connector 31. The four 
remaining wires are available for the signals coming 
from the three optical detectors constituting the sensor 
itself. 
The angular sensor is preferably part of a power 

steering system for the vehicle. In particular, and as is 
well known per ‘se, such a steering system includes a 
steering member, a detector for the force exerted by the 
driver, and a coupling means coupling the steering 
member ?rstly with the steerable road wheels at the 
front and/or the rear of the vehicle, and secondly to a 
source of mechanical energy which is controlled in 
accordance with the steering characteristics of the 
steerable road wheels and in response to the output 
signals from the detector which senses the force exerted 
by the driver. The steering member of course includes a 
steering wheel operated by the driver and mounted at 
one end of the steering column. The detection of the 
force exerted by the driver may be effected by any one 
of a large number of measuring means. 
However, the present inventor has discovered that 

this measurement is in a very large number of cases 
adequately obtained by simple measurement of the in 

‘ stantaneous angle of rotation of the steering column, 
provided that at any given instant, the neutral position, 
the direction of rotation and the number of rotations 
performed are all known. 

Thus, this sensor is especially well adapted to over 
come the problem discussed above when the ?rst wheel 
2 of the sensor is coupled in rotation to the steering 
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column, so that it can detect the forces exerted by the 
driver for the purpose of controlling a servo motor. 
What is claimed is: 
1. A sensor for sensing an angle and direction of 

rotation of a rotatable member comprising: 
a ?rst wheel coupled to said rotatable member for 
moving with said rotatable member such that 
movement. of said ?rst wheel is a measure of the 
angle and direction of rotation of the rotatable 
member; 

a second wheel movable relative to the ?rst wheel; 
and 

a coupling member for selectively coupling the sec 
ond wheel to the ?rst wheel such that when said 
?rst wheel is rotated in a direction, the coupling 
member selectively engages the second wheel for 
moving said second wheel in a direction opposite 
to that of the ?rst wheel, said second wheel’s rota 
tion through selective points being representative 
of predetermined positions and direction of rota 
tion of said rotatable member. 

2. A sensor according to claim 1, wherein said cou 
pling member between the ?rst and second wheels com 
prises a pin carriedby the ?rst wheel and ?xed in a 
rotating point thereon, and wherein said second wheel 
includes a ?rst recess for meshing with said pin in a ?rst 
angular position representing a neutral or reference 
position of the sensor. 

3. A sensor according to claim 2, wherein the second 
wheel includes two ?rst teeth de?ning the recess be 
tween them, the recess having a pro?le complementary 
to the external pro?le of the pin. 

4. A sensor according to claim 3, wherein the second 
wheel is in the form of a sector which further includes 
at least one further tooth arranged on at least one side of 
said ?rst teeth, with an end of each said further tooth 
de?ning between it and the adjacent ?rst tooth a second 
recess for engagement by said pin for the purpose of 
indicating the completion of at least one ?rst rotation of 
the ?rst wheel. 

5. A sensor according to claim 1, further comprising 
a carriage, means mounting the carriage for linear dis 
placement therein, means coupling the second wheel 
with the carriage, and conversion means for converting 
the quantity detected by said detector into a measure 
ment signal. 

6. A sensor according to claim 5, wherein the means 
coupling the carriage with the second wheel is an artic 
ulated means of the crank and connecting rod type. 

7. A sensor according to claim 1, wherein the ?rst 
wheel carries at least one track comprising indicia rep 
resenting position information, the sensor further in 
cluding: a detector responsive to said track for giving a 
signal representing the absolute value of angle of rota 
tion in respect to said information; a housing containing 
said ?rst and second wheels and detector; an electronic 
circuit within the housing for processing the signals 
from the detector and having output means; a connector 
carried by the housing and connected to said output 
means of the electronic circuit; and means in the hous 
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8 
ing enabling the connector to be accessible from out 
side. 

8. A sensor according to claim 7 further including 
means connecting said detector to said connector for 
processing said signal and passing it to said connector. 

9. A sensor according to claim 8, wherein the ?rst 
wheel has two said tracks, comprising a ?rst track rep 
resenting the neutral position of the system and com 
prising a single indicia mark, and a second track, the 
sensor further including a ?rst detector for reading the 
?rst track and a second detector for reading the second 
track, whereby the advance or retard of the phase of the 
reading signal supplied by the ?rst detector, in quadra 
ture with the reading signal from the second detector, 
indicates the direction of rotation. 

10. A power steering system comprising a sensor 
according to claim 1 and a steering member coupled 
mechanically with the ?rst wheel of the sensor. 

11. A sensor for sensing an angle of rotation of a 
rotatable member, comprising a ?rst wheel for moving 
with said rotatable member whereby movement of the 
?rst wheel is a measure of the angle of rotation of said 
rotatable member and of the direction and origin of 
such rotation, the'sensor further including a second 
wheel, a coupling pin carried by the ?rst wheel and 
?xed in a rotating point thereon for coupling the ?rst 
and second wheels so that at least part of the movement 
of the ?rst wheel causes movement of the second wheel 
relative to the ?rst wheel in response thereto, said sec 
ond wheel having ?rst and second teeth de?ning a re 
cess having a pro?le complementary to the external 
pro?le of said pin for meshing with said pin in a ?rst 
angular position representing a neutral or reference 
position of the sensor, said second wheel being in the 
form of a sector and including a third tooth spaced apart 
from said ?rst tooth and de?ning between said ?rst and 
third teeth a second recess for engagement by said pin 
for indicating the completion of at least one ?rst rota 
tion of the ?rst wheel and at least one detector for de 
tecting the displacement of the second wheel. 

12. A sensor for sensing an angle of rotation of a 
rotatable member, comprising a ?rst wheel for moving 
with said rotatable member whereby movement of the 
?rst wheel is a measure of the angle of rotation of said 
rotatable member and of the direction and origin of 
such rotation, the sensor further including a second 
wheel, a coupling member for coupling the ?rst and 
second wheels so that at least part of the movement of 
the ?rst wheel causes movement of the second wheel 
relative to the ?rst wheel in response thereto; at, least 
one detector for detecting the displacement of the sec 
ond wheel in such a way as to indicate at least one of the 
quantities selected from the direction of rotation of the 
?rst wheel and the number of rotations effected by the 
?rst wheel; a carriage; means mounting the carriage for 
linear displacement therein; means coupling the second 
wheel with the carriage; and conversion means for 
converting the quantity detected by said detector into a 
measurement signal. 

13. A sensor according to claim 12 wherein the means 
coupling the carriage with the second wheel is an artic 
ulated means of the crank and connecting rod type. 
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